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MBMA-Sponsored Cold-Formed Steel Research 
50th Anniversary Retrospective 
 




The Metal Building Manufacturers Association (MBMA) was established in 
1956, and has been a major sponsor and participant of cold-formed steel 
research over the years.  MBMA’s 50th anniversary is an excellent opportunity 
to look back on this body of work in a historical perspective.  When founded, 
MBMA’s main purpose was to jointly attack technical matters that could not be 
accomplished by individual companies.  The MBMA Technical Committee first 
met on April 18, 1957 in Chicago, IL.  It is an obvious challenge for competitors 
in the marketplace to come together in this fashion, but the founding members of 
MBMA really set the cooperative tone that would shape the group. The first 
order of business for the new organization was to determine the common 
technical issues facing the industry and to collectively develop an action plan.  It 
is no surprise that two of the first three problems that were identified involved 
cold-formed steel.  One issue had to do with deflection criteria in the building 
codes for metal siding and roofing.  The other was the minimum gage specified 
in the American Iron and Steel Institute (AISI) Light Gage Steel Design Manual 
that was felt to be overly restrictive. This paper will provide a chronology of the 
MBMA sponsored cold-formed steel research that has been instrumental in 




   
When the MBMA Technical Committee first met on April 18, 1957, they got 
right to work on some important cold formed steel issues.  One problem was the 
minimum thickness stipulated in the AISI Light Gage Steel Design Manual.  
The Supplementary Information in the inaugural Manual published in January 
                                                 
1 Director of Research and Engineering, Metal Building Manufacturers 
Association, Cleveland, Ohio, USA 
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1949 and repeated in the 1956 Edition included a minimum thickness of panels, 
including ribbed steel roof deck of “No. 22 U.S. Gage.”  Based on the efforts of 
the MBMA members, this thickness limitation was deleted with the publication 
of the 1961 Design Manual. 
 
This first endeavor to work cooperatively with the AISI Specification was 
reasonably straightforward, and no research was needed.  However, early in 
1960, it was agreed that MBMA would have to sponsor research that would 
serve as the basis for future recommendations.  For the next few years, the 
MBMA Technical Committee members provided their expertise on several 
ongoing projects sponsored by others.  This included the work being sponsored 
by AISI at Cornell University under the direction of Dr. George Winter on 
channel and Z-section cold-formed beams braced by diaphragms in the 1960’s 
that led to the publishing of Design of Light Gage Steel Diaphragms in 1967.  
This landmark publication acknowledges the cooperation of MBMA and the 
Steel Deck Institute in the research program. 
 
It should be noted that the summary of MBMA-sponsored research that is 
presented in this paper just reflects the work done on cold-formed steel.  MBMA 
has also made significant contributions in other areas, including wind load 
research, snow load research, tapered member frame behavior, and bolted end 
plate connections.   
 
MBMA Subcommittee on Purlin Uplift 
 
AISI began sponsoring research at Cornell on purlin uplift capacity in the late 
1960’s.  MBMA formed a Subcommittee on Purlin Uplift in 1968 to better 
assess the need for basic research in this area.  Tests carried out by some 
MBMA members were provided as part of this collaborative effort.  This 
included Z-purlin test data from ten uplift tests, using 26 gage roof panels, with 
and without midspan lateral support.  The failure stresses (failure moment 
divided by the purlin section modulus) were compared to the allowable stresses 
from the 1962 AISI Specification. 
 
The allowable stresses were evaluated using three different methods, 1) using 
Section 3.3 for the design of laterally unbraced single web beams with the 
unbraced length taken as the full span for the cases of no midspan brace and 
with the unbraced length taken as one-half the span length for the cases where a 
midspan brace was provided, 2) using Section 3.3 but with 75% of the 
unsupported length to account for the parabolic moment distribution, and 3) 
using Part II, Section 7 for laterally unbraced compression flanges.  The third 
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method from the AISI Design Manual is based on the Douty Approach (Douty 
1962).  
 
These limited test results showed that the Douty method from Part II, Section 7 
had the most promise in predicting allowable stresses.  This method isolated a 
portion of the unbraced compression flange and assumed it to behave as a 
column on an elastic foundation.  This approach was intended for sections which 
have overall lateral stability.  The MBMA Subcommittee concluded that there 
was a need for a research program to investigate the stability of purlins and girts 
under an uplift loading condition (MBMA 1968).  They also identified four 
areas that needed additional research, one of which was the determination of the 
effective restraint provided to the tension flange of a purlin by the attached 
decking. 
 
The Cornell work progressed, with the research need identified above as the 
primary objective, and culminated in two publications (Celebi 1972; Celebi, et. 
al. 1971).  Until this time, the added shear rigidity and rotational restraint 
provided by a diaphragm to the purlins supporting it had not been fully 
evaluated and documented.  The analytical approach used was based on the 
classical theory of torsional-flexural behavior with the effect of the diaphragm 
bracing introduced.  The differential equations of equilibrium were solved using 
a series solution obtained by the Galerkin Method.  A computer program 
capable of considering any number of terms in the series solution was developed 
to solve for the yield load of the beam.  An iterative solution was required since 
coupling of bending and torsion results in a nonlinear relationship between load 
and stresses.  Failure was assumed when the maximum localized stress reached 
115% of yield since this generally appears only at the corner of the section, as 
permitted by the 1968 AISI Specification.   A single term solution of the 
differential equation was also provided so that a simple formula could be used, 
although providing a less accurate solution.     
 
The Cornell tests were performed on simple span C and Z-beams with and 
without diaphragm bracing for both uplift and gravity loads.  Good correlation 
was achieved between the test results and their computer model predictions of 
the yield load except for the case of diaphragm braced beams for gravity loads.  
In this case, the actual tested capacity was considerably higher than the 
predicted values.  Unfortunately, specific design recommendations were not 
developed, in part because of the aforementioned lack of correlation, before the 
AISI supported work came to an end.  This is where MBMA stepped up and 
sponsored additional work by Dr. Teoman Pekoz at Cornell to try to fill this 
important need.   
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Cornell Purlin Research Sponsored by MBMA 
 
This additional work sponsored by MBMA was to address both simple span and 
continuous C and Z-purlins with a diaphragm attached to one flange, with or 
without a discrete brace at the center of the span to support the other flange, and 
with either gravity or uplift load.  One of the objectives of this research was to 
shed more light on an ambiguous footnote in the AISI Specification regarding 
the need for discrete braces.  For C and Z-sections used as beams and loaded in 
the plane of their web, braces were specified when neither flange of the beam 
was connected to deck or sheathing.  However, a footnote stated that “when only 
one flange is connected to a deck or sheathing material to effectively restrain 
lateral deflection of the connected flange, bracing may or may not be needed to 
prevent twisting of the member, depending upon the dimensions of the member 
and span and upon whether the unconnected flange is in compression or 
tension.” 
 
Initial work in this phase of the research (Pekoz 1973) involved the continued 
development of computer models to predict the ultimate capacity of purlins 
under the support conditions listed above.  Later, experimental work was added 
to the scope to compare to the predicted values.  The first uplift load tests were 
performed at Cornell, and later, the gravity load tests and additional uplift load 
tests were conducted by Wiss Janney Elstner & Associates that were then 
evaluated by Dr. Pekoz.  A series of research reports (Pekoz 1975a; Pekoz 
1975b; Linehan and Guedelhoefer 1975; Pekoz 1976; Guedlhoefer and Boggs 
1976; Pekoz 1977) documented the tests and evaluations submitted to MBMA. 
 
With regard to the footnote about the need for an intermediate brace, the results 
were inconclusive.  On one hand, Dr. Pekoz had concluded that there was very 
little increase in capacity with the addition of a brace.  However, the tests 
indicated that the results could be sensitive to initial twist in the purlin and that 
the presence of an intermediate brace could help in proper alignment and 
achieving the maximum predicted capacity.  With regard to using the computer 
program as a design tool, it was realized that the program calculated stresses at 
six points around the cross-section but that a failure criteria had not been 
explored.  Other limitations as a design tool included the fact that the double 
section at the purlin lap was not considered and the method did not treat the 
effects of local buckling and post-buckling. 
 
Over the next few years, MBMA member company data, as well as additional 
work sponsored by MBMA and AISI (Razak and Pekoz 1980), was used to try 
to correlate the test results to the stresses calculated using the Douty approach 
for laterally unbraced compression flanges that was in the 1968 AISI Manual 
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and to establish a reliable failure criteria.  This study involved full-scale testing 
under uplift loads.  Simply supported purlins were tested, but they were 
designed to simulate the exterior span in a continuous span system from the 
exterior support to the inflection point before the first interior support.  Vacuum 
tests were run in addition to a separate test setup that did not use a diaphragm.  
This latter test utilized discrete braces at one-foot intervals and a four point 
loading system.  The uplift tests with diaphragms (vacuum test) were run with 
24 gage roofing panels screwed to the Z purlin flange at one foot spacing.  A 
total of 14 tests were run, half using the vacuum and half using the four point 
loading system. 
 
The Douty Method in the AISI Manual required the input of a value for spring 
constant, β, which was critical in the prediction of the ultimate load capacity.  
Rotational tests to determine the rotational restraint, F, and tests to determine 
shear rigidity, Q, were also run on representative samples to evaluate the 
diaphragm stiffness and to look into the method of determining an appropriate 
value of β from F test results. 
 
The study concluded that the AISI Manual approach was unsatisfactory in 
predicting the ultimate strength of Z purlins because the method is based on 
fully effective flanges.  Also, this method assumed that the compression flange 
of a purlin does not deflect laterally until failure, which is not the true behavior.  
A better correlation was found when using an effective width for the 
compression flange, similar to a parallel study at Cornell (Desmond, et. al. 
1978).  It was also concluded that the rotational restraint that the roof panels 
provide is very important, i.e. the F-factor.   
  
The next step in the ongoing MBMA and AISI sponsored work at Cornell 
produced a refined analytical method that addressed some of the previous 
shortcomings to achieve better correlation with the uplift test results (Pekoz and 
Soroushian 1981 and 1982).  Specifically, the new approach was derived 
considering the purlin deformation in two stages – first the vertical deflection (in 
the original plane of the web) and then twisting (which results in lateral 
deflections of the compression flange).  The ultimate loads observed in thirteen 
Z-purlin and three C-purlin uplift tests were compared with calculated ultimate 
loads.  The tests were all simply supported, and the spans (20 feet) were chosen 
to represent the typical distance from the end support to the first inflection point 
in a continuous system with 25-foot spans.   
 
 MBMA Member Company Tests 
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Beginning in 1981, Butler Manufacturing, under the leadership of Don Johnson 
and Dr. Roger LaBoube, began further uplift tests.  Their primary objective was 
to verify the analytical methods developed at Cornell for purlins with discrete 
braces.  They tested both C and Z-purlins having either midspan or third-point 
braces.  A modified Cornell method was proposed for C and Z-purlins loaded in 
the plane of the web, with the compression flange laterally supported at either 
midspan or third points, and the tension flange restrained effectively against 
deflection perpendicular to the plane of the web (LaBoube and Thompson 
1982).  The correlation was quite good for channels but the correlation for Z-
purlins was not as good.  MBMA asked Dr. Pekoz to review these test results 
and to compare them with the previous Cornell study.  Dr. Pekoz concluded that 
the primary difference was the larger rotational restraint measured in the 
component tests carried out by Butler (Pekoz 1984).  This emphasized the 
importance of the rotational restraint and its measurement. 
 
The Cornell approach (Pekoz and Soroushian 1981 and 1982) required an 
iterative calculation procedure, and a simplified approach was sought that would 
be more suited to routine design.  A simplified procedure to be incorporated into 
the AISI Specification Section C3.1.3 was developed to be included in the 1989 
Addendum to the 1986 AISI Specification (LaBoube, et. al. 1988).  This study 
included correlations to additional continuous span tests that were run by Maury 
Golovin at Ceco Buildings under the guidance of an adhoc industry committee 
and an independent consultant, Dr. James Fisher (LaBoube and Golovin 1990).  
This was instrumental in establishing the validity of this simplified procedure to 
the typical C and Z purlins used in the metal building industry. 
 
Initially, the required lap length for continuous purlins using simplified 
procedure adopted in the 1989 Addendum was 1.5 times the depth for Z purlins 
and 3.0 times the depth for C purlins.  A study sponsored by MBMA evaluated 
the more stringent limitation placed on C purlin lap lengths (Earls, et. al. 1991) 
and found that the 1.5 times the depth limitation was appropriate for both C and 
Z purlin laps.  This was modified in the 1996 AISI Specification. 
 
A modification to the simplified approach was addressed in a study sponsored 
by MBMA and AISI (Fisher 1996).  This study investigated the impact of 
insulation on the simple span purlin uplift strength and provided a modification 
to the R-factor based on insulation thickness.  This study also found that for 
purlin depths less than 6.5 inches, the R-factor was overly conservative for 





Rotational Restraint Tests 
 
Early on in the research of purlin capacity, it was determined that the rotational 
restraint provided by the panel, including any impact of insulation present 
between the purlin and panel, was very important to quantify (MBMA 1968).  
Work at Cornell also included an experimental determination of the rotational 
restraint (Pekoz 1973, Celebi 1972). 
 
A more refined test to determine the rotational restraint was advanced that 
captured the “cupping” effect of the roof deck around the screws (Pekoz 1975a).  
It was found that the rotational restraint increases nonlinearly (more resistance 
to twisting) when the uplift load increases.  It was also determined that the 
rotational restraint is sensitive to the location of the screw on the flange.  Later 
work at Cornell (Razak and Pekoz 1980) used a similar, but simpler test method 
(Haussler and Pabers 1973) for determining the rotational restraint.   
  
It was recognized that the use of thermal blocks and stand-off fasteners could 
have an impact on the restraint provided by a roof panel.  MBMA sponsored an 
extensive investigation to determine the rotational restraint properties of 
purlin/panel connection details for a variety of roof parameters (Thompson and 
Johnson 1981) in which the Haussler test procedure was utilized.  This was the 
first study that evaluated the impact of insulation on the rotational restraint 
provided by the panel, and it was found that for the insulation thicknesses tested 
(1.5, 3, and 6 inch fiberglass), they had only a slight effect on rotational 
stiffness.   
 
Roof System Research 
 
In June 1980, MBMA recognized that it was increasingly necessary to look at 
the roof as a system with regard to purlin design for gravity and uplift loads, 
expansion and contraction, and insulation.  In fact, for purlin design, 22 separate 
roof system parameters were listed that can affect the behavior and should be 
considered.  Since it was expected that Dr. Pekoz’s work would lead to a design 
procedure for uplift, the new focus was to do more research for gravity loading.   
 
Dr. Thomas Murray of the University of Oklahoma was selected in August 1981 
to begin the research on the behavior of roof systems under gravity loads.  The 
objective of the research, to be carried out in phases, was to determine the 
quantitative effects on roof systems of such devices as sag members 
(intermediate braces), anti-roll clips, roof diaphragm, end anchorage of panels, 
and the effect of various insulation schemes on the ultimate load capacity under 
gravity loads.  The initial two-year project would was initiated to develop an 
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analytical procedure that would be followed by four full-scale purlin tests – two 
with simple spans and two with intermediate braces. 
 
The first phase of the research focused on the lateral restraint needed for purlins 
so that the assumption that the stress distribution on a cross-section could be 
approximated assuming constrained bending, i.e. f = My/I.  Nine simple span Z-
purlin tests were first conducted (Ghazanfar and Murray 1982).  Four parameters 
were varied in the test series – intermediate bracing, torsional restraint at the 
rafter, panel shear stiffness, and panel torsional restraint. 
 
The second test series evaluated seven simple span C purlins subjected to 
gravity loads (Ghazanfar and Murray 1983a).  One of the conclusions was that 
the restraint requirements for C purlins were considerably less than for Z 
sections. 
 
In 1983, two segments of the research were documented by Dr. Murray – testing 
of accumulation effects on Z purlins when torsional restraint braces are used 
(Curtis and Murray 1983) and the development of an analytical procedure to 
predict brace forces on purlins (Ghazanfar and Murray 1983b).  The 
accumulation tests looked at simple span Z-purlins, in systems with two, six, 
and seven purlins, subjected to gravity loads.   All tests were conducted on 
systems utilizing through-fastened roofs, with the exception of one standing 
seam roof system.  Standing seam roofs would be the focus of future studies.  
System stiffness tests were also conducted to compare multiple purlin tests to 
two purlin tests with regard to in-plane stiffness and force transfer. 
 
Three different bracing configurations were investigated, torsional braces at the 
rafters only, torsional braces at the rafters along with three intermediate braces 
at the quarter points, and braces at the quarter points without torsional braces at 
the rafters.  The analytical model was based on the assumption of uniform lateral 
force at the purlin/panel interface and the associated compatibility of the purlin 
and panel lateral deflections.   Predicted vales were in good agreement with the 
experimental results near the failure load and 4 to 20% conservative at lower 
loads. 
 
Quarter scale models were also evaluated because of the obvious advantages in 
testing costs that would have been significant considering all of the parameters 
that needed to be evaluated (Murray 1985; Seshappa and Murray 1985).  This 
study concluded that the quarter scale experimental results including vertical 
deflections, lateral restraining forces, failure mode and failure load compared 
well with the corresponding full scale test results and predicted values. 
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All of the roof systems research culminated in a design approach that was 
incorporated into the 1986 AISI Specification (Elhouar and Murray 1985; 
Elhouar and Murray 1986).  The predictive equations for lateral restraint forces 
were developed for through-fastened, multiple purlin line, and multiple span 
roof systems.  A stiffness model was calibrated to the full scale and quarter scale 
test results and then a parametric study carried out and a regression analysis 
performed on the data.  The predictive equations were for bracing configurations 
that included either torsional restraints at the rafter, third point span restraints, or 
midspan restraints. 
 
The Elhouar Stiffness Model was next extended to standing seam roof systems 
(Rivard and Murray 1986).  This study evaluated tests from seven simple spans 
and six continuous systems (3 spans).  All tests were for two purlin line systems, 
gravity loaded Z purlins.  Good correlation was achieved, but multiple purlin 
systems still needed to be evaluated. 
 
Base Test Method 
 
Research began in the late 1980’s to evaluate the adequacy of the lateral support 
provided to the top flange of a purlin by a standing seam panel system.  Dr. 
Murray investigated four different approaches to predict the strength of Z-purlin 
supported standing seam roof systems under gravity loading (Carballo, et. al. 
1989).  These included (1) lateral buckling strength from the 1986 AISI 
Specification, (2) a stiffness model to predict the deflections of a standing seam 
system, (3) a stiffness model used to calculate the maximum stresses on the 
cross section of the purlins, and (4) a base test that predicts the failure load of a 
multiple span standing seam system by scaling the ultimate load of a 
corresponding single span test.  The base test was the recommended method to 
pursue because it was accurate and did not require a diaphragm shear stiffness 
test as two of the other methods did. 
 
Subsequent studies validated the base test method for both gravity (Brooks and 
Murray 1989 and 1990) and uplift loads (Anderson and Murray 1990; Pugh and 
Murray 1991; Mills and Murray 1992).  A final report, summarizing all of the 
work on the base test for uplift loads was also provided by Dr. Murray (Murray 
1997).  In an effort to eliminate several parameters from the required test matrix 
for the base test method, a study looked at purlin type and size, length of span, 
and insulation present (Rayburn and Murray 1990). 
 
A study in 2000 looked more extensively at reducing the number of base test 
required for a manufacturer to evaluate all of the combinations of purlins and 
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standing seam roof types (Trout and Murray 2000).  This was incorporated into 
the base test procedure in the 2001AISI Design Manual.  
 
More Recent and Ongoing Anchorage Research 
 
A study was performed to evaluate the requirement in the 1989 Addendum to 
the AISI Specification that required C and Z flexural members, when not 
attached to sheathing, to be braced at quarter-points of the span (Ellifritt, et. al. 
1992).  This requirement had appeared since the 1956 AISI Specification.  This 
study determined that this requirement was no longer necessary given the 
current method of calculating flexural capacity.  They did recommend that a mid 
span brace be used to control lateral deflections and rotations at service loads. 
 
Two additional bracing configurations were evaluated for inclusion in the AISI 
Specification (Danza and Murray 1998).  More importantly, a study was also 
begun in 1997 to refine the provisions in the 1996 AISI Specification for the 
prediction of lateral restraint forces in Z-purlin supported roof systems (Neubert 
and Murray 1999; Neubert and Murray 2000).  The primary reason that this 
refinement was undertaken was that the 1996 provisions were developed using 
elastic stiffness models of flat roofs, verified by experimental testing.  
Subsequently, the treatment of roof slope and system effects was incorrect.  
Also, the new study evaluated required restraint forces when the panel stiffness 
is varied, rather than relying on an assume panel stiffness.  Elastic stiffness 
models with varying roof slope, panel stiffness, and cross-sectional properties 
were used to develop the new procedure.  Five bracing configurations were 
considered, (1) restraint at rafter, (2) third-point restraints, (3) midspan, (4) 
quarter-point restraints, and (5) third-point plus rafter restraints.   
 
An attempt to experimentally verify the Neubert and Murray approach to the 
prediction of lateral restraint forces was carried out before adoption into the 
AISI Specification was considered (Lee and Murray 2001).  Six series of single 
span tests were run that included two, four and six purlin lines, for both through-
fastened and standing seam roofs.  Also, two continuous span test series were 
run for four purlin lines with three spans for both roof types. Five bracing 
configurations were evaluated using six roof slopes from flat to 4:12.  
Unfortunately, the measured restraint forces from this experimental test program 
were inconsistent with the predicted restraint forces.  The eccentricity of the 
resultant loading that was taken as 1/3 of the flange width from the web was 
reevaluated using no eccentricity that provided better correlation for some of the 
configurations.  It was recommended that further tests be conducted for setups 
with more than four purlin lines since there was not much data available. 
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Additional computer modeling was attempted (Seek and Murray 2004a) which 
correlated better with the existing experimental data.  But later, new multi-purlin 
line tests did not correlate as well (Seek and Murray 2004b).  
 
Strut Purlin Research 
 
Observations of damage after Hurricane Elena in 1985 provided insight into the 
inadequate treatment of diaphragm braced strut-purlins in the 1986 AISI 
Specification.  The combined axial and bending stresses caused by wind loading 
on the endbay of a building were examined in a study sponsored by MBMA and 
AISI (Hatch, et. al. 1990a and 1990b).  Eight axial load and sixteen combined 
axial and uplift loading tests were conducted.  The method that was validated 
only applied to through-fastened roof systems.  It was recommended that strut-
purlin strength be determined using the AISI interaction equation with Simaan’s 
method (Simaan 1973) for determining axial load capapcity and the 1989 
revisions to Section C3.1.3 of the AISI Specification for determining uplift 
moment capacity. 
 
A parametric study was conducted using the variables required in the Simaan 
equations in order to simplify the strut-purlin analysis (Glaser, et. al. 1994).  
This study also concluded that the method was acceptable for either simple or 
continuous spans, but that it was only appropriate for through-fastened roofs and 
not standing seam roofs.  The final contribution was made to provide a 
recommendation on how strut-purlins with standing seam roofs should be 
treated (Stolarczyk and Fisher 2001; Stolarczyk, et. al. 2002).  Finite element 
models and experimental testing were used to verify the method that was 
included in the 2004 Supplement to North American Specification, Section 
C4.7.  The method requires the Base Test to be used to determine the flexural 
capacity of the strut-purlin. 
 
Purlin Lap Research 
 
An MBMA Graduate Fellowship recipient at the University of Kansas studied 
purlin laps (Robertson and Kurt 1986a and 1986b).  The objective was to 
determine the overlap length required for moment and stiffness continuity.  It 
was determined that the ultimate strength and stiffness of nested purlins equals 
the ultimate strength and stiffness of a single purlin when the overlap length to 
purlin depth was 0.5 and 1.3, respectively. 
 
A study to evaluate the assumption that inflection points in continuous purlins 
act as a brace point (Bryant and Murray 1999) also contained a recommendation 
that machine bolts in slotted web holes to connect lapped purlins do not need a 
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washer.  This was based on the fact that all of the tests were done without 
washers and the strength and stiffness of the purlins were not affected.  This was 
adopted into the 2004 Supplement of the North American Specification 
(Appendix A) in Section E3a, with certain restrictions that define the limitations 
of the tests conducted. 
 
Additional MBMA sponsored research investigated web crippling and combined 
bending and web crippling of lapped Z-shapes over a support (Rolfes and Fisher 
1989).  This study concluded that the existing provisions in the 1986 AISI 
Specification were sufficiently predicting the capacities. 
 
Dynamic Uplift Testing 
 
Research cosponsored by MBMA was initiated in the mid-1990’s to provide an 
uplift capacity of metal roof systems that takes into account the dynamic nature 
of wind that varies both spatially and temporally (Prevatt and Schiff 1996) and 
(Sinno 2005) developed two different testing schemes.  The first utilized high 
speed valves (BRERWULF) to provide a solution to the temporal variation, but 
not the spatial variation.  The work by Sinno utilized electromagnets to 
reproduce both variations for the first time.  An independent project that looked 
at wind tunnel failure models came up with very similar results to the MSU 
work in correlating the uniform static uplift from an E1592 test to the actual 
dynamic uplift capacity. (Farquhar, et. al. 2003)  This is now being evaluated for 
inclusion in the AISI Specification. 
 
Other MBMA Sponsored Cold-Formed Steel Research 
 
Several other important studies were sponsored or cosponsored by MBMA that 
led to improvements in the AISI Specification. 
 
A study examined continuous lapped Z-purlin systems subjected to gravity 
loading for a failure mode involving local lip/flange/web buckling in the 
positive moment region of exterior bays (Almoney and Murray 1998a and 
1998b).  This was observed and thought to be a possible governing limit state.  
The study concluded that shear plus bending is a possible limit state for 
continuous Z-purlin systems and that the AISI Specification provisions for shear 
plus bending accurately predicted the failure load. 
 
A common assumption in the metal building industry was that the inflection 
point in a continuous purlin system acted as a braced point when determining 
unbraced lengths.  This assumption was evaluated in a study by Dr. Murray 
(Bryant and Murray 1999).  Both analytical and experimental investigations 
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were included.  Seven tests were carried out with multi-span C and Z-purlins 
attached to both through-fastened and standing seam roofs.  It was difficult to 
draw definite conclusions from the limited data, but it was clear that the bottom 
flange of a continuous purlin line moves laterally in the same direction on both 
sides of the inflection point, but the movement is relatively small. 
 
A study was undertaken to evaluate the inconclusive nature of existing test data 
for C and Z members in bending and to try to provide a recommendation for the 
actual bending capacity in local buckling (Schafer and Yu 2002; Yu and Schafer 
2002).  This evaluation concluded that the existing (2001 North American 
Specification) was adequate as long as distortional buckling was restricted.  This 
provided further reinforcement that design expressions for distortional buckling 
need to be considered.   
 
Two studies on distortional buckling were cosponsored by MBMA (Yu and 
Schafer 2004) and (Ellifritt, et. al. 1997; Ellifritt, et. al. 1998).  One study 
utilized experimental tests and finite element analyses to evaluate the existing 
cold-formed specifications ability to predict the strength of members that failed 
in the distortional mode (Yu and Schafer 2004).  This study was limited to C and 
Z members not attached to sheathing, which could stabilize the compression 
flange and help restrict distortional buckling.  However, the application to 
members without sheathing on the compression flange would be applicable to 
negative bending of continuous members or wind uplift on roofs.  The study 
found that the 2001 North American Specification was on average 10 to 15% 
unconservative and was influential in getting distortional buckling checks added 
to the next edition. 
 
Research on web crippling was conducted to determine the influence of flange 
attachment, i.e. if the flange is attached to the support member.  Two studies at 
UMR were sponsored - first a pilot study was performed (Bhakta, et. al. 1992) 
and then a more extensive investigation (Cain, et. al. 1995) was undertaken.  
The result of this study led to a change in the 1996 AISI Specification for Z-
sections with restrained flanges subjected to an end one-flange (EOF) loading 
condition.  The restrained flange Z-sections were found to have a 30 percent 
higher capacity than the unrestrained flange Z-sections.  Another study 
investigated the provisions in the 2001 North American Specification for the 
handling of the web crippling capacity of a purlin that rests on a structural frame 
or endwall with a segment of the purlin cantilevered over the endwall 
(Holesapple and LaBoube 2002).  Tests investigated web crippling where the 
overhang length varied from 0.5 to 1.5 times the purlin depth.  The tests 
indicated that the web crippling capacity was f unction of the overhang length 
and the web slenderness.  New provisions were adopted for evaluating web 
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crippling of C and Z purlins where the overhand length was less than or equal to 
1.5 times the purlin depth. 
 
Testing on pullover strength of screws was performed at the University of 
Florida (Ellifritt and Burnette 1990; Ellifritt and Kriner 1996).  These studies 
evaluated AISI’s standard pullover test and provided a better understanding of 




The development of AISI design guides was cosponsored by MBMA to help fill 
a need in applying the ever complex provisions for standing seam roof design 
(AISI 1997 and 2000).  Dr. James Fisher and Dr. Roger LaBoube co-authored 
these guides for AISI that filled a real need to provide guidance based on the 
consensus of the AISI Committee on Specifications. 
 
Another excellent design oriented paper that applies the state of the art of cold-
formed research knowledge at the time was presented at the 13th Interntional 




Many of the research projects described in this historical retrospective were 
cofunded by the American Iron and Steel Institute (AISI).  An excellent working 
relationship between AISI and MBMA has enabled this research and many of 
the results have led to improvements to the AISI Specification.  Numerous 
MBMA members have provided the leadership and guidance necessary to 
enable practical research to positively influence design practices.  Of particular 
note, Don Johnson, Maury Golovin, Joe Nunnery, and Al Harrold have all 
worked many years representing MBMA on the AISI Specification Committee 
and their contributions are greatly appreciated by the metal building industry.  
Previous MBMA Directors of Research and Engineering, Dr. Duane Ellifritt, Dr. 
Dale Perry, and Gill Harris also provided excellent leadership in guiding these 
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